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(B4)  NUMERICAL  CONTROL  METHOD. 
@  An  NC  unit  (1  1  )  is  so  constituted  that  there  can  be  detach- 
ably  inserted  a  ROM  cassette  (11c)  which  stores  one  or  more 
macros  (MCR's)  to  execute  a  predetermined  function.  In  an 
inlet  port  of  a  standard  processing  routine  of  a  system  pro- 
gram  (SPR)  is  inserted  a  soft  interface  (SIF)  that  contains  an 
instruction  which  discriminates  whether  the  ROM  cassette 
(1  1c)  is  inserted  or  not,  and  a  branch  instruction  which,  when 
the  ROM  cassette  is  inserted,  executes  a  predetermined 
macro  (MCR)  stored  in  the  ROM  cassette.  In  executing  the  NC 
processing,  if  it  is  discriminated  by  the  soft  interface  (SIF)  that 
the  ROM  cassette  (11c)  has  been  inserted,  a  special  pro- 
cessing  is  executed  by  the  macro  (MCR)  designated  by  the 
branch  instruction.  If  it  is  determined  that  the  ROM  cassette 
(11c)  has  not  been  inserted,  the  standard  processing  is  exec- 
uted  according  to  the  system  program  without  executing  the 
branch  instruction. 
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0 2 3 6 5 0 6  
DESCRIPTION 

NUMERICAL  CONTROL  METHOD 

T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to   a  n u m e r i c a l   c o n t r o l  

m e t h o d   and ,   more   p a r t i c u l a r l y ,   to   a  n u m e r i c a l   c o n t r o l  

m e t h o d   t h r o u g h   w h i c h   an  NC  a p p a r a t u s   c a p a b l e   of  a n y  

t y p e   of  n u m e r i c a l   c o n t r o l   can  be  c o n s t r u c t e d   w i t h o u t  

m o d i f y i n g   t h e   s y s t e m   p r o g r a m .  

B a c k g r o u n d   A r t  

A  n u m e r i c a l   c o n t r o l   a p p a r a t u s   i s   c o n s t i t u t e d   by  a  

c o m p u t e r   in  w h i c h   t h e   p r o c e s s o r   e x e c u t e s   p r e d e t e r m i n e d  

n u m e r i c a l   c o n t r o l   p r o c e s s i n g   s p e c i f i e d   by  NC  d a t a   b a s e d  

on  s y s t e m   p r o g r a m   c o n t r o l ,   t h e r e b y   c a u s i n g   a  m a c h i n e  

t o o l   t o   s u b j e c t   a  p a r t   to   d e s i r e d   m a c h i n i n g .  

I t   g o e s   w i t h o u t   s a y i n g   t h a t   t h e   f u n c t i o n   of  t h e   NC 

a p p a r a t u s   c h a n g e s   i f   t h e   s y s t e m   p r o g r a m   i s   m o d i f i e d .  

In  o t h e r   w o r d s ,   by  c h a n g i n g   t h e   s y s t e m   p r o g r a m ,   t h e   NC 

m a k e r   i s   c a p a b l e   of  p r o v i d i n g   v a r i o u s   s t a n d a r d   NC 

a p p a r a t u s   f o r   l a t h e s ,   m i l l i n g   m a c h i n e s ,   m a c h i n i n g  

c e n t e r s   and  w i r e   e l e c t r i c   d i s c h a r g e   m a c h i n e s ,   and  o f  

p r o v i d i n g   v a r i o u s   NC  a p p a r a t u s   of  s i m p l e   to   a d v a n c e d  

t y p e .   I f   t h e   u s e r   r e q u i r e s   a  s p e c i a l   f u n c t i o n   n o t  

p o s s e s s e d   by  t h e   s t a n d a r d   m a c h i n e ,   t h e   s y s t e m   p r o g r a m  

i s   d e s i g n e d   anew  to  s a t i s f y   t h i s   r e q u i r e m e n t .  

H o w e v e r ,   c r e a t i n g   a  s y s t e m   p r o g r a m   anew  w h e n e v e r   a  

s p e c i a l   f u n c t i o n   is  r e q u i r e d   i s   a  l a r g e   u n d e r t a k i n g  

t h a t   can   l e a d   to   d e l a y s   in  d e l i v e r y   and  r e s u l t   in  a  

d i m i n i s h e d   c o s t   p e r f o r m a n c e .  
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R e c e n t   NC  a p p a r a t u s   i n v o l v e   s y s t e m s   of  l a r g e   s i z e  

o w i n g   t o   t h e   r e q u i r e m e n t   f o r   a  n u m b e r   of  a d v a n c e d  

f u n c t i o n s .   The  p a r t i c i p a t i o n   of  many  p r o g r a m m e r s   i n  

t h e   d e s i g n i n g   of  a  s y s t e m   p r o g r a m   i n v o l v e s   a  

p r o g r a m m i n g   o p e r a t i o n   t h a t   g r o w s   more   c u m b e r s o m e   t h e  

l a r g e r   t h e   s y s t e m   p r o g r a m .  

A c c o r d i n g l y ,   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

t o   p r o v i d e   a  n u m e r i c a l   c o n t r o l   m e t h o d   in   w h i c h  

r e d e s i g n i n g   of  a  s y s t e m   p r o g r a m   i s   u n n e c e s s a r y   e v e n   i f  

a  s p e c i a l   f u n c t i o n   i s   r e q u i r e d .   In  o t h e r   w o r d s ,   a n  

o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e   a  n u m e r i c a l  

c o n t r o l   m e t h o d   t h r o u g h   w h i c h   s p e c i a l   s p e c i f i c a t i o n s  

d e s i r e d   by  a  u s e r   can   be  r e a l i z e d   w i t h o u t   m o d i f y i n g   a  

s y s t e m   p r o g r a m   or  h a r d w a r e .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  n u m e r i c a l   c o n t r o l   m e t h o d   t h r o u g h   w h i c h  

p r o g r a m m i n g   can   be  p e r f o r m e d   s i m p l y   e v e n   i f   a  s y s t e m  

p r o g r a m   i s   l a r g e   in   s i z e .   In  o t h e r   w o r d s ,   an  o b j e c t   o f  

t h e   i n v e n t i o n   i s   to   p r o v i d e   a  n u m e r i c a l   c o n t r o l   m e t h o d  

t h r o u g h   w h i c h   a  t o t a l   s y s t e m   p r o g r a m   can   be  c o n s t r u c t e d  

by  a d o p t i n g   a  m o d u l a r   a p p r o a c h   and1  p e r f o r m i n g  

p r o g r a m m i n g   f o r   e a c h   f u n c t i o n ,   a n d   t h e r e a f t e r   j o i n i n g  

t h e   p r o g r a m   f o r   e a c h   f u n c t i o n   t o   t h e   m a i n   body   of  t h e  

s y s t e m   p r o g r a m .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

An  a r r a n g e m e n t   i s   a d o p t e d   in   w h i c h   a  ROM  c a s s e t t e  

s t o r i n g   a  p l u r a l i t y   of  m a c r o s   f o r   p e r f o r m i n g  

p r e d e t e r m i n e d   n u m e r i c a l   c o n t r o l   p r o c e s s i n g   i s   r e m o v a b l y  
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l o a d e d   in  an  NC  a p p a r a t u s .   I f   a  s o f t   i n t e r f a c e   0 2   3 6 5 0 6  

( i n s t r u c t i o n )   w h i c h   c a u s e s   t h e   r i g h t   of  c o n t r o l   t o   b e  

t r a n s f e r r e d   f r o m   t h e   s y s t e m   p r o g r a m   to  a  p r e d e t e r m i n e d  

m a c r o   in  a  c a s e   w h e r e   t h e   ROM  c a s s e t t e   has   b e e n   l o a d e d  

i s   i n s e r t e d   in  t h e   s y s t e m   p r o g r a m   a t   a  s u i t a b l e  

l o c a t i o n   t h e r e o f ,   l o a d i n g   t h e   ROM  c a s s e t t e   e n a b l e s   a  

p r e d e t e r m i n e d   f u n c t i o n   to   be  e x e c u t e d   by  t h e   m a c r o  

s t o r e d   in   t h e   ROM  c a s s e t t e .  

A c c o r d i n g l y ,   i f   t h e   f u n c t i o n   e x e c u t e d   by  t h e   m a c r o  

1Q  
i s   made  to   a g r e e   w i t h   t h e   s p e c i a l   f u n c t i o n   r e q u i r e d   b y  

t h e   u s e r ,   an  NC  a p p a r a t u s   w h i c h   e x e c u t e s   t h e   s p e c i a l  

f u n c t i o n   r e q u i r e d   by  t h e   u s e r   can   be  f o r m e d ,   e v e n   i f  

t h e   s y s t e m   p r o g r a m   i s   n o t   m o d i f i e d ,   m e r e l y   by  l o a d i n g  

and   u n l o a d i n g   ROM  c a s s e t t e s .   F u r t h e r m o r e ,   s i n c e   a  

^   m a c r o   can   be  p r o g r a m m e d   as  a  s i n g l e   m o d u l e   s e p a r a t e l y  

of  t h e   s y s t e m   p r o g r a m ,   p r o g r a m m i n g   i s   f a c i l i t a t e d .  

T h u s ,   t h e   i n v e n t i o n   i s   c h a r a c t e r i z e d   b y  

c o n s t r u c t i n g   an  NC  a p p a r a t u s   in  s u c h   a  m a n n e r   t h a t   a  

ROM  c a s s e t t e   s t o r i n g   one  or   more   m a c r o s   MCR  f o r  

20  e x e c u t i n g   p r e d e t e r m i n e d   f u n c t i o n s   can  be  l o a d e d   a n d  

u n l o a d e d ,   i n s e r t i n g ,   a t   s u i t a b l e   l o c a t i o n s   in  a  s y s t e m  

p r o g r a m   SPR,  an  i n s t r u c t i o n   f o r   d i s c r i m i n a t i n g   w h e t h e r  

t h e   ROM  c a s s e t t e   h a s   b e e n   l o a d e d   and   a  b r a n c h  

i n s t r u c t i o n   w h i c h ,   i f   t h e   ROM  c a s s e t t e   has   been   l o a d e d ,  

25  c a u s e s   e x e c u t i o n   of  a  p r e d e t e r m i n e d   m a c r o   MCR  s t o r e d   i n  

t h e   ROM  c a s s e t t e ,   e x e c u t i n g ,   in  NC  p r o c e s s i n g ,   a f t e r  

t h e   e x e c u t i o n   of  t h e   d i s c r i m i n a t i o n   i n s t r u c t i o n ,   a  

m a c r o   d e s i g n a t e d   by  t h e   b r a n c h   command  i f   t h e   ROM 
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c a s s e t t e   h a s   b e e n   l o a d e d ,   and   e x e c u t i n g   t h e   n e x t   s y s t e m  

p r o g r a m   i n s t r u c t i o n ,   w i t h o u t   e x e c u t i n g   t h e   b r a n c h  

i n s t r u c t i o n ,   i f   t h e   ROM  c a s s e t t e   h a s   n o t   b e e n   l o a d e d .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s  

F i q   1  i s   a  b l o c k   d i a g r a m   of   an  NC  a p p a r a t u s   f o r  
5 

p r a c t i c i n g   t h e   p r e s e n t   i n v e n t i o n ?  

F i g .   2  i s   a  v i e w   f o r   d e s c r i b i n g   t h e   r e l a t i o n s h i p  

among   a  s y s t e m   p r o g r a m ,   s o f t   i n t e r f a c e   and   m a c r o ?   a n d  

F i g s .   3  t h r o u g h   6  a r e   f l o w c h a r t s   in   w h i c h   t h e  

p r e s e n t   i n v e n t i o n   i s   a p p l i e d   to   s p e c i f i c   c a s e s .  
10  *  

B e s t   Mode  f o r   C a r r y i n g   Out   t h e   I n v e n t i o n  

F i g .   1  i s   a  b l o c k   d i a g r a m   of  an  NC  a p p a r a t u s   f o r  

p r a c t i c i n g   t h e   m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n .  

N u m e r a l   11  d e n o t e s   t h e   m a i n   b o d y   of  t h e   NC 

a p p a r a t u s ,   12  a  d i s p l a y   u n i t ,   13  a  k e y b o a r d ,   14  an  NC 

d a t a   i n p u t / o u t p u t   u n i t ,   15  a  PMC  u n i t   ( p r o g r a m m a b l e  

m a c h i n e   c o n t r o l l e r ) . ,   16  an  a x i s   c o n t r o l l e r ,   and  21  a  

m a c h i n e   t o o l .  

The  NC  a p p a r a t u s   m a i n   body   11  i s   c o n s t i t u t e d   by  a  

c o m p u t e r   and   h a s   a  p r o c e s s o r   l l a ,   a  ROM  l i b ,   a n  
2 0  

e x t e r n a l l y   l o a d a b l e   ROM  c a s s e t t e   l i e ,   a  RAM  l i d ,   a  

h a r d w a r e   i n t e r f a c e   l i e ,   and   s w i t c h i n g   means   l l f   f o r  

s e t t i n g   w h e t h e r   t h e   ROM  c a s s e t t e   l i e   has   b e e n   l o a d e d .  

When  n e c e s s a r y ,   t h e   ROM  c a s s e t t e   l i e   i s   r e m o v a b l y  

l o a d e d   in  t h e   NC  a p p a r a t u s ,   e . g .   on  a  m a s t e r   p r i n t e d  
2 5  

c i r c u i t   b o a r d .   W h e t h e r   or   n o t   t h e   ROM  c a s s e t t e   l i e   h a s  

b e e n   l o a d e d   i s   s e t   by  t h e   s w i t c h i n g   means   l l f ,   s u c h   a s  

a  s w i t c h   or  s h o r t i n g   r o d ,   p r o v i d e d   on  t h e   m a s t e r  

«  m  •  -  •  •  a  *---  *  • 
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p r i n t e d   c i r c u i t   b o a r d ,   so  t h a t   t h i s   can   be  e a s i l y   r e a d  

by  t h e   p r o c e s s o r .  

The  p r o c e s s o r   l l a   of  t h e   NC  a p p a r a t u s   m a i n   body   i s  

a d a p t e d   to   e x e c u t e   p r e d e t e r m i n e d   n u m e r i c a l   c o n t r o l  

p r o c e s s i n g ,   w h i c h   i s   s p e c i f i e d   by  NC  d a t a ,   b a s e d   on  a  

s y s t e m   p r o g r a m   SPR  s t o r e d   in  t h e   ROM  l i b   and   a  m a c r o  

MCR  s t o r e d   in  t h e   e x t e r n a l l y   l o a d a b l e   ROM  c a s s e t t e   l i e .  

A  m a c r o   i s   a  c o l l e c t i o n   of  commands   f o r   e x e c u t i n g  

p r e d e t e r m i n e d   n u m e r i c a l   c o n t r o l   f u n c t i o n s   and   has   a  

s u b p r o g r a m   r e l a t i o n s h i p   w i t h   r e s p e c t   to   a  s y s t e m  

p r o g r a m .  

T r a n s f e r   of  t h e   r i g h t   of  c o n t r o l   f r o m   t h e   s y s t e m  

p r o g r a m   SPR  to  t h e   m a c r o   MCR,  or  r e c o v e r y   of  t h e   r i g h t  

of  c o n t r o l   by  t h e   s y s t e m   p r o g r a m ,   i s   p e r f o r m e d   v i a   a  

15  
s o f t   i n t e r f a c e   S IF .   The  s o f t   i n t e r f a c e   SIF  i s   f o r m e d  

by  i n s e r t i n g ,   in  t h e   s y s t e m   p r o g r a m   SPR  a t   a p p r o p r i a t e  

l o c a t i o n s   t h e r e o f ,   an  i n s t r u c t i o n   f o r   d e t e r m i n i n g  

w h e t h e r   t h e   ROM  c a s s e t t e   l i e   has   b e e n   l o a d e d ,   and  a  

b r a n c h   i n s t r u c t i o n   f o r   c a l l i n g   and  e x e c u t i n g   t h e  

2q  p r e d e t e r m i n e d   m a c r o   MCR,  w h i c h   has   b e e n   s t o r e d   in  t h e  

ROM  c a s s e t t e ,   in  a  c a s e   w h e r e   t h e   ROM  c a s s e t t e   has   b e e n  

l o a d e d .  

F i g .   2  shows  t h e   r e l a t i o n s h i p   among  t h e   s y s t e m  

p r o g r a m   SPR,  m a c r o   MCR  and  s o f t   i n t e r f a c e   S I F .  

25  
When  p o w e r   i s   i n t r o d u c e d ,   t h e   p r o c e s s o r   l l a   ( F i g .  

1)  ,  u n d e r   t h e   c o n t r o l   of  t h e   s y s t e m   p r o g r a m   SPR,  c h e c k s  

w h e t h e r   t h e   ROM  c a s s e t t e   l i e   has   b e e n   l o a d e d   in  t h e   NC 

a p p a r a t u s .   I f   t h e   ROM  c a s s e t t e   l i e   has   n o t   b e e n  
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l o a d e d ,   t h e   f l a g   of   a  g e n e r a l - p u r p o s e   r e g i s t e r   i s   s e t  

t o   " 0 " ;   i f   t h e   ROM  c a s s e t t e   h a s   b e e n   l o a d e d ,   t h e   f l a g  

i s   s e t   t o   " 1 " .  

The  s o f t   i n t e r f a c e   SIF   i s   i n s e r t e d   in   t h e   s y s t e m  

p r o g r a m   SPR  a t   a  s u i t a b l e   l o c a t i o n .   The  s o f t w a r e  

i n t e r f a c e   SIF   i n c l u d e s :  

(a)   a  d i s c r i m i n a t i o n   i n s t r u c t i o n   (an  i n s t r u c t i o n  

f o r   c h e c k i n g   w h e t h e r   t h e   f l a g   b i t   i s   "1"  or  n o t )   f o r  

d e t e r m i n i n g   w h e t h e r   t h e   ROM  c a s s e t t e   l i e   has   b e e n  

l o a d e d   in   t h e   NC  a p p a r a t u s ,   a n d  
1 0  

(b)  a  b r a n c h   i n s t r u c t i o n   f o r   e x e c u t i n g  

p r e d e t e r m i n e d   m a c r o   p r o c e s s i n g   when  t h e   ROM  c a s s e t t e  

h a s   b e e n   l o a d e d ,   e . g .   a  m a c r o   c a l l   i n s t r u c t i o n   f o r  

c a l l i n g   and   e x e c u t i n g   a  p r e d e t e r m i n e d   m a c r o .   I f   t h e  

ROM  c a s s e t t e   h a s   n o t   b e e n   l o a d e d ,   p r o c e s s i n g   j u m p s   t o  
1 5  

t h e   n e x t   s y s t e m   p r o g r a m   i n s t r u c t i o n .   I f   t h e   ROM 

c a s s e t t e   h a s   b e e n   l o a d e d ,   t h e n   p r o c e s s i n g   i n .   a c c o r d a n c e  

w i t h   t h e   p r e d e t e r m i n e d   m a c r o   MCR  i s   e x e c u t e d ,   a f t e r  

w h i c h   p r o c e s s i n g   j u m p s   t o   t h e   n e x t   s y s t e m   p r o g r a m  

i n s t r u c t i o n .  
2 0  

The  f u n c t i o n s   c a p a b l e   of  b e i n g   e x e c u t e d   by  t h e  

m a c r o   MCR  a r e   as  f o l l o w s :  

CD  a  s p e c i a l   p i c t u r e   d i s p l a y ,   s u c h   as  a  p i c t u r e  

f o r   s p e c i a l   t o o l   l i f e   m a n a g e m e n t ,   a  p i c t u r e   f o r  

a u t o m a t i c a l l y   d e c i d i n g   c u t t i n g   c o n d i t i o n s ,   and   a  
2 5  

c o n v e r s a t i o n a l - m o d e   p i c t u r e   f o r   a u t o m a t i c   p r o g r a m m i n g ;  

(2)  s p e c i a l   i n t e r p o l a t i o n ,   s u c h   as  S I N  

i n t e r p o l a t i o n ,   h e l i c a l   i n t e r p o l a t i o n   and  e l l i p t i c a l  
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(3)  p r e d e t e r m i n e d   p r o c e s s i n g   b a s e d   on  an  M - c o d e  

c a l l ,   e . g .   a  s p e c i a l   ATC  c y c l e   ( a u t o m a t i c   t o o l   c h a n g e  

c y c l e )   b a s e d   on  an  M06  c o d e ;  

(4)  p r e d e t e r m i n e d   p r o c e s s i n g   b a s e d   on  an  e x t e r n a l  

i n t e r r u p t ;   a n d  

(5)  s p e c i a l   p r o c e s s i n g   b a s e d   on  a  G - c o d e ,   e . g .   a  

h o l e   d r i l l i n g   p a t t e r n   c y c l e ,   p o c k e t   m a c h i n i n g   c y c l e ,  

e t c .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h  
1 0  

r e g a r d   to   s p e c i f i c   c a s e s .  

(A)  D i s p l a y   P r o c e s s i n g  

F i g .   3  i s   a  f l o w c h a r t   f o r   d i s p l a y i n g   a  s p e c i a l  

p i c t u r e .   A  CRT/MDI  u n i t   (a  u n i t   o b t a i n e d   b y  

i n t e g r a t i n g   t h e   d i s p l a y   u n i t   12  and   k e y b o a r d   13  of  F i g .  

1)  i s   p r o v i d e d   w i t h   a  f u n c t i o n   key   POS  k e y ,   PRGRM  k e y ,  

OFSET  k e y ,   PARM  k e y ,   ALAM  key  f o r   r e q u e s t i n g   a  p r e s e n t  

p o s i t i o n   d i s p l a y ,   p r o g r a m   d i s p l a y ,   o f f s e t   d i s p l a y ,  

p a r a m e t e r   d i s p l a y   and  a l a r m   d i s p l a y ,   and  w i t h   an  AUX 

key  f o r   r e q u e s t i n g   a  s p e c i a l   p i c t u r e   d i s p l a y .  
2 0  

The  s o f t   i n t e r f a c e   SIF  i s   i n s e r t e d   a t   t h e   e n t r a n c e  

>  to   a  p i c t u r e   d i s p l a y   r o u t i n e   IMR.  The  a r r a n g e m e n t   i s  

s u c h   t h a t   when  t h e   ROM  c a s s e t t e   has   been   l o a d e d ,   a  

m a c r o   f o r   e x e c u t i n g   s p e c i a l   p i c t u r e   p r o c e s s i n g   i s  

c a l l e d   by  a  c a l l   command .   The  m a c r o   MCR  i s   c o m p o s e d   o f  
2 5  

t h e   f o l l o w i n g :  

(a)  an  i n s t r u c t i o n   f o r   c h e c k i n g   w h e t h e r   t h e   AUX 

key  has   b e e n   p r e s s e d   to   r e q u e s t   a  s p e c i a l   p i c t u r e  
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(b)  a  g r o u p   of   i n s t r u c t i o n s   f o r   e x e c u t i n g   s p e c i a l  

p i c t u r e   p r o c e s s i n g   when  t h e   AUX  key   has   b e e n   p r e s s e d ;  

a n d   ; 

(c)  a  r e t u r n   i n s t r u c t i o n   f o r   r e t u r n i n g   to   t h e  
5 

s y s t e m   p r o g r a m   SPR  a t   t h e   end   of  p r o c e s s i n g   or   when  t h e  

AUX  key   h a s   n o t   b e e n   p r e s s e d .  

More   s p e c i f i c a l l y ,   by  c o n s t r u c t i n g   t h e   m a c r o   MCR  .  j 

in   s u c h   a  m a n n e r   t h a t   p r e d e t e r m i n e d   p r o c e s s i n g   f o r  

d i s p l a y i n g   a  s p e c i a l   p i c t u r e   i s   e x e c u t e d ,   t h e   s p e c i a l  

p i c t u r e   c an   be  d e s c r i b e d   on  t h e   d i s p l a y   s c r e e n   b y  

p r e s s i n g   t h e   AUX  k e y .  

I t   s h o u l d   be  n o t e d   t h a t   i t   can   be  a r r a n g e d   f o r   t h e  

t h e   s p e c i a l   p i c t u r e   d i s p l a y   n o t   t o   be  p e r f o r m e d   by  ; 

i n s e r t i n q   o n l y   a  r e t u r n   i n s t r u c t i o n   in   t h e   m a c r o   c a l l e d   \ 
15  ! 

by  t h e   c a l l   i n s t r u c t i o n .   ' 

(B)  S p e c i a l   I n t e r p o l a t i o n   P r o c e s s i n g  

I f   a  c i r c u l a r   a r c   i n t e r p o l a t i o n   c a l c u l a t i o n   i s  

e x e c u t e d   in   t h e   XY  p l a n e ,   l i n e a r   i n t e r p o l a t i o n   i s  

p e r f o r m e d   a l o n g   t h e   Z  a x i s   and  t h e   r o t a t i o n   of  m o t o r s  
20  ^  

f o r   t h e   r e s p e c t i v e   a x e s   a r e   c o n t r o l l e d   by  d i s t r i b u t e d   t 

p u l s e s   a l o n g   t h e s e   a x e s ,   a  t o o l   c an   be  moved   in   h e l i c a l  

f a s h i o n .   Such   i n t e r p o l a t i o n   i s   r e f e r r e d   to   as   h e l i c a l  
| 

i n t e r p o l a t i o n .   I 
i 

In   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   an  NC  j 
25  ( 

a p p a r a t u s   can   e a s i l y   be  p r o v i d e d   w i t h   a  h e l i c a l  

i n t e r p o l a t i o n   f u n c t i o n   e v e n   i f   a  s y s t e m   p r o g r a m   i s   ; 
i 

c a p a b l e   s o l e l y   of  l i n e a r   i n t e r p o l a t i o n   and  c i r c u l a r   a r c  
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i n t e r p o l a t i o n .   L e t   h e l i c a l   i n t e r p o l a t i o n   be  c o m m a n d e d  

as   f o l l o w s :  

G02XxYy_Rr_Z^Ff:: 

F i g .   4  i s   a  f l o w c h a r t   f o r   p r o v i d i n g   an  NC  a p p a r a t u s  

w i t h   t h e   a f o r e m e n t i o n e d   h e l i c a l   i n t e r p o l a t i o n   f u n c t i o n .  

The  s o f t   i n t e r f a c e   SIF  i s   i n s e r t e d   in  t h e   s y s t e m  

p r o g r a m   SPR  b e f o r e h a n d   f o l l o w i n g   t h e   d i s c r i m i n a t i o n  

p r o c e s s i n g   of  G02,  and   a  m a c r o   f o r   p e r f o r m i n g   h e l i c a l  

i n t e r p o l a t i o n   i s   c a l l e d   by  a  c a l l   i n s t r u c t i o n .   T h e  

m a c r o   MCR  is   c o m p o s e d   o f :  

(a)   a  g r o u p   of  i n s t r u c t i o n s   f o r   p e r f o r m i n g   h e l i c a l  

i n t e r p o l a t i o n ,   a n d  

(b)  a  r e t u r n   i n s t r u c t i o n   f o r   r e t u r n i n g   to   t h e  

s y s t e m   p r o g r a m   SPR  a t   t h e   end   of  p r o c e s s i n g .   I t   s h o u l d  

15  
be  n o t e d   t h a t   i f   t h e   Z  a x i s   i s   n o t   c o m m a n d e d   in  h e l i c a l  

i n t e r p o l a t i o n   p r o c e s s i n g ,   o n l y   o r d i n a r y   c i r c u l a r   a r c  

p r o c e s s i n g   w i l l   be  c a r r i e d   o u t .  

T h u s ,   t h e   NC  a p p a r a t u s   can   be  p r o v i d e d   w i t h   t h e  

h e l i c a l   i n t e r p o l a t i o n   f u n c t i o n   by  c o n s t r u c t i n g   t h e  

2Q  m a c r o   MCR  in  s u c h   a  m a n n e r   t h a t   h e l i c a l   p r o c e s s i n g   i s  

p e r f o r m e d .  

I t   i s   a l s o   p o s s i b l e   to   a r r a n g e   i t   so  t h a t   h e l i c a l  

i n t e r p o l a t i o n   i s   n o t   p e r f o r m e d ,   by  i n s e r t i n g   o n l y   a  

r e t u r n   i n s t r u c t i o n   in   t h e   m a c r o   c a l l e d   by  t h e   c a l l  

25  i n s t r u c t i o n .  

(C)  S p e c i a l   ATC  P r o c e s s i n g  

An  NC  a p p a r a t u s   w i t h   an  ATC  f u n c t i o n   p o s s e s s e s   a n  

ATC  c y c l e   f u n c t i o n   f o r   a u t o m a t i c a l l y   e x c h a n g i n g   a  
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p r e s e n t   t o o l ,   in  r e s p o n s e   to   an  M-command  " M 0 6 T a a " '  

f o r   t h e   t o o l   Ta  o  s p e c i f i e d   a f t e r   M06.  T h e r e   a r e   c a s e s  

w h e r e   i t   i s   d e s i r e d   to   e x e c u t e   a  u s e r - t a i l o r e d   s p e c i a l  

ATC  c y c l e   i n s t e a d   of  t h e   s t a n d a r d   ATC  c y c l e .   In  s u c h  

c a s e s ,   t h e   s o f t   i n t e r f a c e   SIF  i s   i n s e r t e d   b e f o r e h a n d   i n  

t h e   s y s t e m   p r o g r a m   a f t e r   t h e   d i s c r i m i n a t i o n   p r o c e s s i n g  

of   M06,  as   shown  in  t h e   f l o w c h a r t   of   F i g .   5,  and   t h e  

m a c r o   f o r   p e r f o r m i n g   t h e   s p e c i a l   ATC  p r o c e s s i n g   i s  

c a l l e d   by  t h e   c a l l   i n s t r u c t i o n .   The  m a c r o   MCR  i s  

c o m p o s e d   o f :  

(a)   a  g r o u p   of   i n s t r u c t i o n s   f o r   e x e c u t i n g   s p e c i a l  

ATC  p r o c e s s i n g ,   a n d  

(b)  a  r e t u r n   i n s t r u c t i o n   f o r   r e t u r n i n g   to   t h e  

s y s t e m   p r o g r a m   SPR  a t   t h e   end   of   p r o c e s s i n g .  

More  s p e c i f i c a l l y ,   f o r m i n g   t h e   m a c r o   MCR  in  s u c h   a  
1 5  

m a n n e r   t h a t   p r e d e t e r m i n e d   s p e c i a l   ATC  p r o c e s s i n g   i s  

p e r f o r m e d   m a k e s   i t   p o s s i b l e   to   e x e c u t e   t h e   ATC  c y c l e .  

I t   i s   a l s o   p o s s i b l e   to   a r r a n g e   i t   so  t h a t   t h e  

s p e c i a l   ATC  c y c l e   i s   n o t   p e r f o r m e d ,   by  i n s e r t i n g   o n l y   a  

r e t u r n   i n s t r u c t i o n   in  t h e   m a c r o   c a l l e d   by  t h e   c a l l  
2 0  

i n s t r u c t i o n .  

(D)  Macro   I n t e r r u p t   P r o c e s s i n g  

An  NC  a p p a r a t u s   has   a  m a c r o   i n t e r r u p t   f u n c t i o n .  

F o r   e x a m p l e ,   t h i s   i s   a  f u n c t i o n   in   w h i c h ,   i f   a  t o o l  

b r e a k s   d u r i n g   m a c h i n i n g ,   t h e   t o o l   i s   moved  to   a  t o o l  
2 5  

c h a n g e   p o s i t i o n   a l o n g   a  p r e d e t e r m i n e d   p a t h ,   t h e   t o o l   i s  

e x c h a n g e d   f o r   a  new  o n e ,   t h e   new  t o o l   i s   s u b s e q u e n t l y  

m o v e d   a l o n g   a  p r e d e t e r m i n e d   p a t h   t o   be  p o s i t i o n e d   a t  
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t h e   p o s i t i o n   w h e r e   b r e a k a g e   o c c u r r e d ,   and  m a c h i n i n g   i s  

r e s u m e d   f r o m   t h i s   p o s i t i o n .   T h e r e   a r e   a l s o   c a s e s   w h e r e  

a n o t h e r   m e t h o d   i s   u s e d   w i t h o u t   r e l y i n g   upon  t h e  

s t a n d a r d   m a c r o   i n t e r r u p t   p r o c e s s i n g .   For   e x a m p l e ,   a  

r e t u r n   can   be  e f f e c t e d   to  t h e   b l o c k   w h e r e   b r e a k a g e  

o c c u r r e d ,   w i t h o u t   r e t u r n i n g   t h e   new  t o o l   to   t h e  

b r e a k a g e   p o s i t i o n ,   w i t h   m a c h i n i n g   b e i n g   r e s u m e d   f r o m  

t h e   s t a r t i n g   p o i n t   of  t h e   b l o c k .   In  s u c h   c a s e ,   t h e  

s o f t   i n t e r f a c e   SIF  i s   i n s e r t e d   in   a d v a n c e   a f t e r   t h e  

c h e c k   f o r   o c c u r r e n c e   of  t h e   m a c r o   i n t e r r u p t ,   and   t h e  

m a c r o   f o r   e x e c u t i n g   t h e   p r e d e t e r m i n e d   t o o l   b r e a k a g e  

p r o c e s s i n g   i s   c a l l e d   by  t h e   c a l l   i n s t r u c t i o n .   T h e  

m a c r o   MCR  i s   c o m p o s e d   o f :  

(a)  a  g r o u p   of  i n s t r u c t i o n s   f o r   e x e c u t i n g  

p r e d e t e r m i n e d   t o o l   b r e a k a g e   p r o c e s s i n g ,   a n d  

(c)  a  r e t u r n   i n s t r u c t i o n   f o r   r e t u r n i n g   to   t h e  

s y s t e m   p r o g r a m   SPR  a t   t h e   end   of  t o o l   b r e a k a g e  

p r o c e s s i n g .  

More  s p e c i f i c a l l y ,   f o r m i n g   t h e   m a c r o   MCR  in  s u c h   a  

m a n n e r   t h a t   p r e d e t e r m i n e d   t o o l   b r e a k a g e   p r o c e s s i n g   i s  

p e r f o r m e d   makes   i t   p o s s i b l e   to   p r o v i d e   an  We  a p p a r a t u s  

w i t h   a  f u n c t i o n   f o r   e . g .   r e t u r n i n g   a  new  t o o l   to   t h e  

b e g i n n i n g   of  a  b l o c k   and  r e s u m i n g   m a c h i n i n g   f r o m   t h i s  

p o i n t .  

I t   i s   a l s o   p o s s i b l e   to   a r r a n g e   i t   so  t h a t   t h e  

s p e c i a l   t o o l   b r e a k a g e   p r o c e s s i n g   i s   no t   p e r f o r m e d ,   b y  

i n s e r t i n g   o n l y   a  r e t u r n   i n s t r u c t i o n   in  t h e   m a c r o   c a l l e d  

by  t h e   c a l l   i n s t r u c t i o n .  
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In   an  NC  a p p a r a t u s   w i t h   a  p r o g r a m m i n g   f u n c t i o n ,   a n  

a r r a n g e m e n t   can   be  a d o p t e d   in   w h i c h   v a r i o u s   ROM 

c a s s e t t e s   a r e   p r e p a r e d   in   a c c o r d a n c e   w i t h   t h e   s k i l l  

l e v e l   of   t h e   o p e r a t o r .   A  c o n v e r s a t i o n a l - m o d e   d i s p l a y  

c o n f o r m i n g   t o   t h e   o p e r a t o r ' s   s k i l l   l e v e l   can   be  made  t o  

a p p e a r   by  i n t e r c h a n g i n g   ROM  c a s s e t t e s .  

I t   s h o u l d   be  n o t e d   t h a t   e a c h   m a c r o   c a n ,   as  a  

m a t t e r   of   c o u r s e ,   a c c e s s   a l l   a r e a s   a c c e s s a b l e   by  t h e  

s y s t e m   p r o g r a m ,   a n d   t h a t   t h e   m a c r o s   can   e m p l o y  

g e n e r a l - p u r p o s e   s u b r o u t i n e s ,   f l a g s   and  r e g i s t e r s .   I n  

a d d i t i o n ,   i f   t h e   m a c r o   i n c l u d e s   an  a r g u m e n t   d e s i g n a t i n g  

i n s t r u c t i o n ,   t h e   u s e   of  v a r i a b l e s ,   a r i t h m e t i c  

o p e r a t i o n s   b e t w e e n   v a r i a b l e s ,   t h e   u s e   of  c o n d i t i o n a l  

e x p r e s s i o n s   and  a l l   i n s t r u c t i o n s   b a s e d   on  a s s e m b l e r  

l a n g u a g e   b e c o m e   p o s s i b l e .  

In   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   a  s y s t e m   p r o g r a m  

n e e d   n o t   be  r e d e s i g n e d   e v e n   i f   a  s p e c i a l   f u n c t i o n   i s  

r e q u e s t e d ;   a l l   t h a t   i s   r e q u i r e d   i s   a  c h a n g e   o f  

e x t e r n a l l y   l o a d a b l e   ROM  c a s s e t t e s .   In  o t h e r   w o r d s ,  

s p e c i a l   s p e c i f i c a t i o n s   d e s i r e d   by  a  u s e r   can   b e  

r e a l i z e d   w i t h o u t   m o d i f y i n g   t h e   s y s t e m   p r o g r a m   o r  

h a r d w a r e   c o n f i g u r a t i o n .  

F u r t h e r ,   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   a  

s y s t e m   p r o g r a m   i s   p r o g r a m m e d   in  t h e   f o r m   of  m a c r o s   b y  

p u t t i n g   t h e   p r o g r a m   i n t o   m o d u l e   f o r m   on  a  

f u n c t i o n - b y - f u n c t i o n   b a s i s   t o   t h e   g r e a t e s t   e x t e n t  

p o s s i b l e ,   -and  t h e s e   a r e   t h e n   c o m b i n e d   to   c o n s t r u c t   t h e  
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o v e r a l l   s y s t e m   p r o g r a m .   T h i s   f a c i l i t a t e s   p r o g r a m m i n g .  

M o r e o v e r ,   a  m a c r o   c o n s t i t u t e d   s o l e l y   by  a  r e t u r n  

i n s t r u c t i o n   f o r   r e t u r n i n g   to   t h e   s y s t e m   p r o g r a m   w i t h o u t  

t h e   e x e c u t i o n   of  any   p r o c e s s i n g   w h a t s o e v e r   can   b e  

5  p r o v i d e d .   By  c a l l i n g   t h i s   m a c r o ,   u n n e c e s s a r y   f u n c t i o n s  

w i l l   n o t   be  i m p l e m e n t e d   e v e n   i f   t h e   ROM  c a s s e t t e   h a s  

been   l o a d e d .  

1 0  

1 5  

2 0  

2 5  
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c l a i m s :   
0 2 3 6 5 0 6  

1.  A  n u m e r i c a l   c o n t r o l   m e t h o d ,   c h a r a c t e r i z e d   b y :  

c o n s t r u c t i n g   an  NC  a p p a r a t u s   in  s u c h   a  m a n n e r   t h a t  

a  ROM  c a s s e t t e   s t o r i n g   one  or  m o r e   m a c r o s   f o r   e x e c u t i n g  

p r e d e t e r m i n e d   f u n c t i o n s   can   be  l o a d e d   and   u n l o a d e d ;  

i n s e r t i n g ,   a t   s u i t a b l e   l o c a t i o n s   in   a  s y s t e m  

p r o g r a m   f o r   c o n t r o l l i n g   t h e   NC  a p p a r a t u s ,   a n  

i n s t r u c t i o n   f o r   d i s c r i m i n a t i n g   w h e t h e r   t h e   ROM  c a s s e t t e   j 

h a s   b e e n   l o a d e d ,   and   a  b r a n c h   i n s t r u c t i o n   w h i c h ,   i f   t h e   \ 
|  ! 

ROM  c a s s e t t e   has   b e e n   l o a d e d ,   c a u s e s   e x e c u t i o n   of  a  ; 
1 0  

p r e d e t e r m i n e d   m a c r o   s t o r e d   in   s a i d   ROM  c a s s e t t e ;   j 
! 

in   NC  p r o c e s s i n g ,   e x e c u t i n g ,   a f t e r   e x e c u t i o n   of  i 

s a i d   d i s c r i m i n a t i o n   i n s t r u c t i o n ,   a  m a c r o   d e s i g n a t e d   by  i  ; 
j 

t h e   b r a n c h   command  i f   t h e   ROM  c a s s e t t e   h a s   b e e n   l o a d e d ;   |  ; 

a n d   i 
15  | !  

e x e c u t i n g   t h e   n e x t   s y s t e m   p r o g r a m   i n s t r u c t i o n ,   ; 

w i t h o u t   e x e c u t i n g   t h e   b r a n c h   i n s t r u c t i o n ,   i f   t h e   ROM 

c a s s e t t e   h a s   n o t   b e e n   l o a d e d .   ; 

2.  A  n u m e r i c a l   c o n t r o l   m e t h o d   a c c o r d i n g   to   c l a i m   1,  ! 

c h a r a c t e r i z e d   in   t h a t   w h e t h e r   or   n o t   s a i d   ROM  c a s s e t t e   j 
20  I 

h a s   b e e n   l o a d e d   i s   s e t   by  s w i t c h i n g   m e a n s .  
i 

3.  A  n u m e r i c a l   c o n t r o l   m e t h o d   a c c o r d i n g   to   c l a i m   1,  j 

c h a r a c t e r i z e d   in  t h a t   s a i d   m a c r o   i s   a  s u b r o u t i n e   f o r  

e x e c u t i n g   any  of  t h e   f o l l o w i n g :   s p e c i a l   p i c t u r e   j 

p r o c e s s i n g ,   s p e c i a l   i n t e r p o l a t i o n   p r o c e s s i n g ,   s p e c i a l  

p r o c e s s i n g   b a s e d   on  an  M - c o d e   c a l l ,   s p e c i a l   p r o c e s s n g   j 

b a s e d   on  a  G - c o d e   c a l l ,   and  s p e c i a l   p r o c e s s i n g   b a s e d   o n  

an  e x t e r n a l   i n t e r r u p t .  



fc  to  W  l-  ri  o  * - 1 5 -   . . . - . -   V   "V  v *   ;  

4.  A  n u m e r i c a l   c o n t r o l   m e t h o d   a c c o r d i n g   to   c l e f t i ?   3  f>  5  0  6  

c h a r a c t e r i z e d   b y :  

i n s e r t i n g   a  s o f t   i n t e r f a c e ,   w h i c h   i n c l u d e s   s a i d  

d i s c r i m i n a t i o n   i n s t r u c t i o n   and   b r a n c h   i n s t r u c t i o n ,   a t  

5  an  e n t r a n c e   to  a  s t a n d a r d   p r o c e s s i n g   r o u t i n e   in  t h e  

s y s t e m   p r o g r a m ;  

e x e c u t i n g   s p e c i a l   p r o c e s s i n g   by  a  m a c r o   d e s i g n a t e d  

by  t h e   b r a n c h   i n s t r u c t i o n   in  a  c a s e   w h e r e   t h e   ROM 

c a s s e t t e   has   b e e n   i n s e r t e d ;   a n d  

10  e x e c u t i n g   s t a n d a r d   p r o c e s s i n g   by  t h e   s y s t e m  

p r o g r a m   in  a  c a s e   w h e r e   t h e   ROM  c a s s e t t e   has   n o t   b e e n  

l o a d e d .  

5.  A  n u m e r i c a l   c o n t r o l   m e t h o d   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   among  s a i d   m a c r o s ,   a  

15  p r e d e t e r m i n e d   m a c r o   i s   c o n s t i t u t e d   by  a  r e t u r n  

i n s t r u c t i o n   f o r   r e t u r n i n g   to   t h e   s y s t e m   p r o g r a m   w i t h o u t  

any  p r o c e s s i n g   b e i n g   e x e c u t e d .  

6.  A  n u m e r i c a l   c o n t r o l   m e t h o d   a c c o r d i n g   to   c l a i m   5 ,  

c h a r a c t e r i z e d   in  t h a t   a  m a c r o   c o n f o r m i n g   to  s a i d  

20  s p e c i a l   f u n c t i o n   i s   c o n s t i t u t e d   s o l e l y   by  t h e   r e t u r n  

i n s t r u c t i o n .  

25  
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